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NATTIONAL ADISCRY COMMITTEE FOR AERCNAUTICS

TECENICAL NCTE §O. i226

THREORETICAL SUPERSONIC LIFT AND IRAG CHARACTERISTICS
OF SYMMETRICAL WEDGE-SEAPE-ATRFCIL SECTIONE AS
ATFECTED BY SWFEPBACK OUTISILE THE MACH CONE
By H. Reese Ivey and Edward ¥. Bowen, Jr.

SUMMARY

The theorctlcal supersonic section 1lift apd drag characterlstics
of thin, wedge-shape, untapered airfolls with sveepback are presented.
The remwits epply Lo thuee paits of the wing in two-dimensional
flow and are not appliceble to wings ewept back wlthin the Mach cone
of the cencer mectiun. The results mgyr elso be applied to swept-
forward wings if the angle of sweep 1s not encugh to put the wing
within the Mach cone frwam the tips.

IRTRODUCTION

A simplified method 18 presemtud In refcrence ). for determining
the precsury distiibution arcund thin, sharp-nose airfoils at
supersonic spocda. This muthod considers the entr.py increase
through tho shock wavee and celculates the pres=ure chengus ‘hrough
the shock and expsnoion waves. The method was showu to be
accurato for wedac-shapo airfoils and to give & close approximaiion
for continmuously curving airfoils. Tho caleuleted prupnswre dietri-
bution was shown Lo check the experimental dlptribubion at l-w
Roynolds mambore except for a cmall reglon of eeyarated flow noar
the trailling edge. The tyne of flow encountered whcn extrcmo
swveepback (within tho Mach cene) 18 used et suporsorde ppeeds 18
diecursed in ruferonce . In that report it wes chrwn that low drag
coofTicionts could be obtaincd when the wirg was cuwept back sufviclently
to make tho velcclty camponent perpendiculer to “he leedlng odge of
the wing eubsonic, Experimentsl resulte at highor Neynolds nurbers
ehow that tho reglon of brockavey becomes negligZble as the Leynolds
nunber incrcescs and hence the calculations should be accurate for
full-scale aircraft.

Leforence 2 ured the metliod of referencu 1 te calculate the
characteristice of thin double-wedso airfoils at suncrsonic speeds.
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section characteristice for wing sections swept back outelde

Mach cone were first determined by Busemamn in reference 3.

thet paper the camponent theory was introduced and vsed to calculate
scome of the atirfoll characteristics of swept-back winge.

The
the
In

The prosent papor extends the work of Bucemarn (veference 3)
and mekes uce of the componsnt theory im conjunction with the
method of rcference 1 to detormine the eection lift and dreg
cheracteristics of swept-back double-wedge-airfoll sections. A
Wricl dipcussion 18 included of the trends indicated by the results.

SYMBOLS

speed of sonnd in alr, foot per second

sectlion preassure-dreg coefficliont

gection 1ift coofficient

Mech number

thicknoss of alrfoil section, feet

length of chord, foet

component of froe-otream velocity normal to plene of shock
component of free-stream velocity in plere of shock
pressurc coefficlent

differenne between local static preseure cnd froe-stream
statl: pressurc

dynsmic presoure

static pressure on uz;yer leeding edgo of airfoll

stetic pressure on upper tralling edpe of wirfoll
static wessure on lowor loeding cdge of airfoll

static presswe on lower tralling edge of alrfoll
ratio of spoocific hoats
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1ift
drag
slope of lift curve

angle of attack, degress

angle through which flow turns (that is, change in surface
angle of airfoil), degrees

sweep angls, degrees

half sngle of airfoil, degrees

Mach angle, degrees
Subacripts:

after shock

before shock

measured in free-stream direction
[ measured porpendiculer to leading edge
T total

M = 1 for the flow condition when Mach number equals unity

M = 0 for the flow condition when Mach number equals zero
THEORETICAL CONSIDERATIONS

The equations of Meyer as given in referencc 5 show that the
veloclity camponents normal to any plene shock (herein designated
Uy, before shock, and u,, after shock) are related to the spsed
of sound before the shock corresponding to & Mach nwrbor of unity

end the free-stream-velocity component in the plens of the shock by
the following equation:

% R .

B b Al A o+
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spesd of scund corresponding to e Mach number of unity

before shock ((HM::O)" 2
: 7+1

camponent of free-streem velocity in plane of shock

stagnation eposed of scund before shock

(weo)” ™ %2(1 + L= M‘-’a)

8,02 = w? 4 ¥R
1% follove that
.'«.'a,gi y-1.9
wUy = ZTT ST

From this relation i1t can be seen that, for a given value of
local specd of scand berora the shock &y, the changas of stato
acroes & plane shock is dotermined cnly ©y the free-stream-velocity
component normel to the shock rlene uy. This fact 18 useful in
calculeting the thewvretical suchion pressure distributicns of the
swept-back wings connidered herain.

The obviocus limi‘etious to e methnd ara that the wing
section coasidered et not be swept naci vighin the Mach ccne
of the center saction and that the wany, 3octlca should nct exceed
the limits 1llustrated in figures 3 end 4 of referencs 1.

For the present ctudy the fres-stremm-velccliy vector is
droken into components, ¢ne of which is parallel to the leading
odge of the wing and i1s therefore in the plune of the attached
shock wave. Since this cerponent cf free-stream velocity hes been
shown to havo no effeot on the chengs of state ucross the shock,

i . A -
W e ;
o -WF" i
3 T . Yﬁé‘-“- "
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the ressure distributions can be calculated fram the velocity
voctors naimal to tho leading edge.

For wings swept back outeide tle Mach cone a part of the
wing 10, effectively, in two-dimensionel tlow. Flgure 1 defines
the zonee of two-dinensional flow for the wing plan forme considered
in tke precen: pupsr. The part of the wing lying In the central and
tip urete indicated in fimre 1 will heve considereblo three-
dimonsional fiow. The calculation: preseuted axve valid only for
the pact of the wing in twu-dimnng’onal flow. Tho characteriastics
of & swopt-back wing of rinlie aspect ratlo (tips end center
scction being conpldered) car be asproximsted by o camblnation
of the results presented herein el Siie linearized muthod of
reference 6. The celoulations presented lereln arce pultable for
swept-Corwerd as well as pwort-bask wings. In crder to illustrate
the effec: of rweepback o 1ifh and dreg, a simplitied analycis of
the flow over the example wing chovm in figt.re ¢ will be discusssd
firet. For this oxamploe, the wing 15 escimed o De opereting under
tho followins conditiong:

Froe-ctrecm Macl mumbor, M o « ¢ o o o 00 0 o0 0 s e L

Apnngle of atback, G dBreen . .o v 0 e e s e e 1

Thicknece ratis perpendicilar to the leadlng edge, (':\i)e

Sweepback angle, A, 202085 o = &+ ¢ 4 0 o s T x e e 06 e 60

Figuro 2 givoe plene end slde elovetion views cf the example wing
for the operceting condicionn snecified. Flgure 2 &1fferentiates
bYetweon tvo mechods of m,aswnm_v, sechion tﬂc::neas retie; nemoly,
porpendicular to leadiny edpe {section A-A) o parallel to free-
otrean dirvection (rection B-B). In freneral ,g8ll celerlatiors are
carried sut for veluws of .L) = 0.2 end (%Y = 0,05 and 0.10.
\C O ul‘(,
The subseript "o" sionilics offective and indicater that the
canpxnis le mueaurm. perpendiculor %o the leaddry .dev end the
subscrdipt "o",that vl counonont 13 measured In the direciion o
the freo-siream relutltry. In arder to meke Sle mcliotdatlons the
free-rtoeam dach manber veutor i3 birokun inty threc ¢aponente:
My rvorpendleular to thy lceding edge and lying in the plans
dotermined by the chord lincs, M; porpendicidar tp the lane
dotormincd Ly the chord lines, end 1-13 parrllel to the leading

edge. Except for tip effects, which d» not influence tho section
bolng otudied, tho flew parellel to the leading cd e does not
affect the pressure diatribution and honce will be neglected.
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In order to expedite the calculatioms for the illustrative
exmnple, sme simplified equetions are used instoed of the exaot
equationn which are given In *he appendix. It must bo empbasized
that the approximete method has been used only In the iliustrative

For smell angles of attack

MzMceomlue

My = M, oin @,

Now en effective engle of attack o, 1a based on My and Mp
instead of M,. Tho vector sum of M; audll, is effective
free-streem Mach mmber !,. Tho offective angle of attack Qg
is then

! . )
Gg = arc tan -~ avc ten M_ gin-— cos A
Ml 2

For emall angles of attack, sin o, and tan ©, mey be replaced ..
lby Qe Then
% . o
@, = arc tan ~ 8
cos &

end pince Mg = \/Mle + M2 =M, the problem hes been simplified
to the extent that the 11Tt and drng characterictizs of ean
unswept wing scction at 2° angle of atteck and lach mumber 2

can be uged. Reference 2 gives the prusswre drog coefficlent of
this airfoil ap

cd = 0.0035

N
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and the 1ift ccefficient as

cl = 0-0&’

These coefficients are bassd on the dynamic pressurs corresponding
to Mg. In order to baks them on M, the coefficients miet be
i Mg

a .
mltiplied by \ﬁ;) = cos?A « It must aleo be remombered that cnly

one component, c3 cos A, of the drag force 18 in ths free-stream

direction; censequently, the lift and prsesure-irag coefficients
besed on free-stream conditions beccme

c; = C.0% X 0.5% = 0.0205
]

= "1- K
°a, 9.0085 X 0.5 0.00106

Some allowance must be mede for skin friction, which is changed only
by & Rsynolds number effsct due to the sueceptack. The exact nature

of supersonic skin-friction drag is not ag yet campletely defined

but for the preeent analyeis its sffect can be shown by assuming

that the supersonic eiin-drag coelficlent renains ccnetant in ths
superscnic ranze at a rsaccnublo eubsonic value. If the effect of

& skin-frictien coefficient other ithan tie velue assumed herein is
desired, the curvss presented in thie pzper may be ehifted accordingly.
For this oxample the skin-friction drag coefficiont 1s assumed to bde
0.006 and the total drag coefficient is

°°ﬁ' = 0,006 + 0.00106 = 0.00706

The pressure drag is thus only e small part of the total drag. -
Reference 2 may be ueed to determine the section lift end drag
coefficients of an unewept wing with & thicliness ratic of 5 percent
vhen thicknees 18 measured perpendiculer to lceding edge for ay = 19
and Mg = b, These-data may be compared with the swept-back-wing
section coefficiente, as followe:

Swept -back Unhawept wing
“ns, A= &o . . - -

0.,00706 0.00500
" 04920 S . oumdo -
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In this particular case the additien of mwespback incressed the
147t and decreased the dreg af the mectien. It mist be remembersd,
however, that this example serves -mly to pnint cut the prrbleus
invnlved in calculating the airfell claracteristics of swept-back
wings énd is not intendei to lead to any particular cenclusirns

&3 to the general sdventage of mweopback. Seme of the squaticns
used for this illuotrative arxample are anproximatiens which dn

not apply at high angles of attack. The exact squations used

in the paper are cumbersome and himce are presented in the eppendix
in order thet the main dody of tho paper nol de unneceasarily
complicated.

PRESENTATIAN CF RESULTS

Slipe nf the 1ift cvrve.- Reference 2 has shown that the
slope of the lift curve decrwaszs as the Mach number increasea
above 1.0. It can be expected, 4herefors, that the additien of
sweepbeck at high superscnic speeds wiill tend (o increese the
Ut by making the nifective Maca number anprosch 1 and dy
increesing tho effectiva angles af attack btnt will tend to decrease
the lift by deacreasing the effective dynamic pressure. The
resul-ant effact dependn <n the actual speeds end angles invelved.

Fipure 3 preusnts the variaticn with the swecpback mf the
slope of the scctirn 1ift curves (bused cn frem-stream angles of
attack and free-stroam lift corfficients) for a wing sectim of
S=-percent effective thiciness ratin, Curvea are given for constant
values of free-stream Mach numbor. The curvea shew that at low
pupersmnic speeds substantial increasese in the slepe of the 1lift
curve are the result of incrensing angls nf sweepback. For

i 1
exemple, at M, = 1.5, d%" = 0.0630 for A = 0" and dc;o/dc.o
hes increesed to & value of 0.0735 far A = 3¢7. Howaver, at
higher farwvard Mach numbers tho elepe nf the lift curve dses not
change appreciably with increcsing wwwepback until the eweepbeck

is sufficient to reduco the sifective Mach number to the vicinity ef
unity.

Since refersnco 2 has shown that thickress ratio hae na
appreciable effect on the nlepe cf the 1ift curve, figure 3 haa been
limited to & aingie velue »f thiclmess yatio.

Mipimum drag coefficient.- The effent of swoephack on the sectiem
minipum drag coefficients 18 shown in figure &.
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(4) For a given combination of A and (E) or (5) an
® o

ircrease in the operating free-stream Moch number subetantially
Cy cy..
decreases the value of 6; for maximm 2 __._..2_._6.
o d_o Cdo + 0.00
t

(5) For a given combination of A and (52: er (3) an
c, o

increase in the operating free-stream Mach nunmber decreases the
c

2
value of MAXIMUN ————e-"e —— Dbut has nd appreciable effect on the
cd‘D + 0-006
Cn

value of maximm -—~2,
cdo

It may be of interest to compare the evact results of the
present paper with the approximate formilas develcped from the
lincarized ouperscnic theowy. The linearized thecry 1s, of course,
restricted to thin airfyils at smell anrlcs of atlack and at stream
Mach nusbers larie encugh to givo an ettacled shock.

By usc of the carpcrent iheodry the a,raximate formulee for
determining the characteristics oi the retic of maximum Lift to

- presgura drag or swept-back secticns are

. 1 .
. (%m'e c.,-sA\%)e

B
ay = (")e ce3 A

oy o ey oo

o [ —— ———

Vi, cos £)° -1

These formulas provide close approximatisn to the exact values
of the present papcr within the limits of thair apnlicatim.

It 1e evident that for both ewept-btack end uncwept vedge-shape
soctions the maximm ratio of 1lift to preseure drag cccurs When

two eides of the wing eection are perallel to the direction of flight.
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CONCLUSIORS

The calculated results presented in this paper Indicate
that:

1. Increasing sweepback at & constant stroem Mach mumber
incremsos the valie of the rat’c of 11ft cv aressure dragz and the
ratic of 1ift to ictal draeg, provided uhai the thlclknecs ratic
meacswrod In the frec-gtream ddrection ip allowed to decreaso.

2. Incroasing sweopback at & conciant stroem Mack increeses
the nlomu or the 1lift curre surstentlally eoxcept at high ntream
Mach murbers whee the cffech is nogligivle,

3. Incveasing swecrback at a consliant stroan Mach mmber
docroeses ho minimur dreg coefiicient provided the free-stiruem
thicknegs ratic iz allowed to decrease.

4, Tho section 1ifi coefricient for ibe maximumm ratio of 1ift
to presaure drag and of 11it tc total dreg decreasos with an
increasc in fico-ntocen Mach mmber resiviscs of asweepback.

5. The epprozimcte linearizel soluiinn for the lift and dreg
cheracturistice of a swopt-t X wing evction a', the maxbam value of
the ratic of 1ift to prussure ireg rgroc well with tho exact valuwes of
the prosent paper provided thst! (a) the warfoil ic thin, (b) the
.adrfoil is &t o :mall angle oi attack, and {c¢) the free-stroem Mach
mmber is well above the minimum valuc for an attached shock.

Langley Memorinl Acroneutical Leboratory
-National Advisory Comitteo for Noroneutics
Langiey Field, Va., ~yteaber 20, 1946
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AFFERDIX
METEOD OF CCMPUTATION

The following formu'es are derived by the applicetion of
trigoncostry and analytic gecmetry to the basic wing sectirms
cocnsidered. (See iz, 2.)

The affective Mach rumber M, which ie the compenent of the
fres-sirecm Mach armber My acting perpendicular to the leading
edge, 18 exproased in teims of the anglo of mwespback A and the
free-streun sugle of attack oy e

Mg = MQVI. - 8in“A cos"-‘u.o

where

“e effective Mach nurberj that is, the campenent of Mg
acting perpondicuiler to the lsedirg edge

The effective Maci nuitcr M, can be further lroken up inte

(a) ™c componeat of My (enl thercfore aleo cf M,) lying
in the planc of the chord lians eand peruvendicular to the leading
edge piven by M, coo og ¢nB

(b) The component of My (and therefore slse of M,) perpen-
dicular to the plune of the chord lines, given by M, ein a,

The effeciive anglo »f attack, that i3, the ensle of attack
of the airfoil saction measured perpendiculer tm thn leading edze, is

tan o,
Gy ™ Arc tan ———-—o
co3 A

and the effective thickness ratio, that is, the thickness ratio
measured perpsndicular to the leading edge, is
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Ir ¢o is tho half-engle of the airfoil mcarwred perpendiculer
to the loaling edge tnd Bo is tho englo through which the flow

turne (that 1e, change in rurface angle of airfoil) moasured in the
plene perperdicler to leading edge, then
(]

+
n ; 9
¥ = @y + B, = arc tan 2Z/0 2,
! . cop &v

Op
Presavre coefliclente —6; tro now detcrmined by the method

of reforence 1 for the eflociive alrfoll section opecrating et tho ‘,"
A effective unglo of athuck end st the effuctive Mach mmber. These .24
! . prevoure coofflclents nve then convertcd to 140t and érzg cectlon y
' e, coefficients based on iroe-stresm measuranents by the folloving ?
|
| formlags , " :
( ; el - Moy o 70 ' :
. 3 (%\) 1o e
d cdo U -é-.— --q—-—- i,‘: con @, - £in @y ‘
: <o
, 1... " o Ll 1o} o |

.2 =t - . I'
Apy  Apy, .

2)
c"'o = ot R !(E 3 sin o, + cod @,

o )
e
oY1
] ;GE

1
9o
.J e qu —-I I. F ,b:
AP ]l
¢ Py, AP t) | o\
‘-lt)"j\:: :’\' ’ LU (e g l'- (:‘}o vin @, + cos | o ﬂ
i i qe 9o { ey _J P Lo

vhere the subscrivts 1 and 2 refer to the leeling enu tralling purts, r ’
reppectively, of tho upper surfcce of the airfcil and the sudscripts 3

end 4 refor to the leading and trailing parts, respoctively, of the
lower surface.
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2y

Y= Asrc s/n&é)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 1.- Zones of two-dimensional-flow application.
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

s (..ct_ ,=0.05 cos 60%0.025

— (.Z;)e:o. o5

Figure 2.- Example wing.




NACA TN No, 1226

| 8

NATIOMAL ADVISORY

COH'IH'TEIE Fo A!”TMIT Ks
1

20 0 40 50 60

10

Angle of sweepback, deg
Effect of sweepback on the slope of the lift curve. a o =

= 0.05.
e

0°,




NACA TN No. 1226

046

.042

-]
o'U
g
3
:
¥
3
3

Total drag coefficient, cdo +0.006

[~~~
[~

008

10 2 0 40 50 80
Angle of sweepback, deg  NATIONAL ADVISORY
ITTEE FOR AEROMAUTIC
(@) (—g—) -0.0, |omwTIE $
e

Figure 4,- Effect of sweepback on minimum drag coefficient. o, = o°.




NACA TN No. 1226

000

008

Pressure drag coefficlent, ¢4,

Total drag coefficient, ¢z _+0.006

\4

\8

%0 20 40 0 % 006

Angle of sweepback, deg NATIONAL ADVISORY
COMMITTEE FOR AERONAUTKCS
® (&) =005
e

Figure 4.~ Continued.




Pressure drag coefficient, c3
0

NACA TN No. 1226

017

Total drag coefficient, cq +0.008
o]

NATIONAL ADVISORY

M-C°|I|lll1"li!! roln “.T“‘wic‘ -

30 40 50 80
Angle of sweepback, deg

L) .
(c) ( c)o 0.05.
Figure 4.- Concluded.




NACA TN No. 1226

8

' o
Section lift to pressure drag ratlo, 'cdl
0

\
S

(e)A = 20°,
1
. .24 .40 .48
Section Lift coefficient, ¢y o

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




Yo
o

i
£
é
5
5
g
§

NACA TN No. 1226

8

(03 = °.

- COMMITTEE FOR AERONAUTICS |

[ |

|

08 .16 -24 .32

Section lift coefficient, c"o

Figure §.- Concluded,

40 A48




NACA TN No. 1226

—
——

~]
_—

o
Sz

p
-

-
£

[1]

]
0

e

2
8
g
5

1
/4]

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(b) Mg = 2.
1 1

08 .18 24 32 .40 AB
Section 1ift coefficient, c‘o

Figure 6,- Ratlo of lift to pressure drag. (;—)e = 0.10.




3_&:
Fig. 6 conc,

NACA TN No. 1226

10

C;o
cdo

Section 1ift to pressure drag ratio,

(d) M, =8,
- |

.18 .24

32

.40 .48

Section lift coefficient, c
°

NATIONAL ADVISORY
COMMITTEE FOR AZRONAUTICS




NACA TN No. 1226

5

¢
("]
cdo + 0,008

{a) A = 0°.
1 |

g
5
g
|
E
g
8
A

NATIONAL ADVISORY
=} - COMNITTEE FOR AERONAUTICS —
- [¢]
ma=162f ] |
.08 .16 .24 .32 .40 .48
Section lift coefficient, ¢,
[¢]

Figure 7.- Ratio of lift to total drag; (-g—)e = 0,10,




%o

g
=l
+
#
£
3
8
8

8
i

NACA TN No. 1226

NATIONAL ADVISORY —
COMMITTEE FOR AERONAUTICS

(@)A= 4ls°.

.08

.16 24

48 40 .32

Section lift coetficient, clo

Pigure 7.- Continued.




NACA TN No. 1228

c;o
+ 0,006

]

NATIO

i
g
:
2
5
8
§

COMMITTE

(e) A = 60°.

08 .16 .24 32
Section 1ift coefficient, <
o

Figure 7.- Concluded.




NACA TN No. 1228

15
4]

b—

Clo

ch +0

Section lift to total drag ratio,

NATIONAL ADVISORY
COMMITYEE FOR AERONAUTICS

(b) My = 2.
08 .16 24 .32 40 AB
Section lift coefficient, c
-]

Figure 8. Ratio of 1ttt to total drag; (—{-:-) = 0.10.
e




NACA TN No. 1228

6

=)
+
g
i
£
:
8
g
%

1) M, = 8.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

08 .1'6 24

L1 1 ] |
.3 .40

4

Sectlon lift coefficient, ¢ °

Figure 8.~ Concluded.




NACA TN No. 1226

s

[~

5
Saction 1ift to pressure drag ratio, qi’-

\1

NATIONAL ADVISORY J
e COMMITTEE FOR AERONAUTICS
(b) A = 15° L L0
04 08 12 .16 .20 24 .28

Section lift coetficient, %

Figure 9.- Ratio of lift to pressure drag; (—E—-) e " 0.05.




NACA TN No. 1226

c
)

Section 1ift to pressure drag ratio, = d°

o

(c) A= 30°,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
I N |

.08 12
Section lift coefficient, c

.16

&0 24

Figure 9.- Continued,




NACA TN No. 1226

c;o
cdo

g
g
2
e
g
§
.}

2
|

NATIONAL ADVISORY
(d)A = 459, COMMITTEE FOR AZRONAUTICS
M 4 L ' 3 1 i |

08 12 .16 .20 24
Section 1ift coefficient, clo

Figure 9.~ Continued.




g -

NACA TN No. 1226

Fig. %e

MIIA
.S’l'uo \
g \
: N
- 10
: \\
¢ N
; : \\ \\
F TN
i D ANES

NATIONAL ADVISORY

(e)lA

= 80°.

|

COMMITTEE FOR AERONAUTICS |

o

L8

Section Iift coefficient, ¢

5t

.18

.20

L

24

28




[
[=]

C
]
Section 1ift to pressure drag ratio, ﬁ
[+]

NACA TN No. 1226

(a) M, = 15.

08 12 .16

Section 1ift cocfficient, <,
o

Figure 10.- Ratio of lift to pressure drag; (‘7) = 0.05.
e




NACA TN No. 1226

1,
T
do

Saection lift to pressure drag ratio,

(b) My = 2.
.08 12 .18
Section lift coefficient, g
0

Mgure 10.- Continued.




NACA TN No. 1226

S

cdo
-
-9

fay
oo

=
[«

)
5
g
o
g
g
a,
2
g
k3]
]

NATIONAL ADVISORY

o [T

.08 12 .16 .20 .24 .28

Section lift coefficient, L




Section lift to pressure drag ratio, :'-9-

NACA TN No. 1228

cdo

20

18

16

14

12

10

rig. 10037

v

==

===

(@) M, = 8.

1|

NATIONAL ADVISORY
COMNITTEE FOR AERONAUTICS ™|

08

12 .16 .20
Section lift coefficient, c,
0

Tigure 10.- Concluded.

[
24

——

28

o —————




c;o

cdo + O

Section lift to total drag ratio,

NACA TN No. 1228

—

ig? NATIONAL ADVISORY

(a) A - bo ' COMMITTEE FOR AERONAUTICS — |

I D IO

%% 04 08 12 16 20 24 28
Section lift coefficient, clo

1

Figure 11,- Ratjo of lift to total drag; (—%—)e = 0.05.




NACA TN No. 1226

+ 0.008

c;o

;
£
g
:
5
g
3

(b) A = 15°.

.08 12 .16 .20
Section lift coefficient, i,

Pigure 11,- Continued,




NACA TN No. 1226

¢
0
+ 0,008

s
;
£
:
3
;

NATIONAL ADVISORY
COMMITTEE FOR AERONMITICS

20 24
Section lift coefficient, )
o

Figure 11.- Continued.




NACA TN No. 1226

¢

o
d-1»0.15

0

¥
£
:
3
!
g
g

v ,%56:' - T
8 .

.08 12 1 20
Section lift coefficient, LN
o

Figure 11,- Continued.




NACA TN No. 1228

o
+ 0,006

S

(]

i
!
1
3
p
i

NATIONAL ADVISORY —
COMMITTEE FOR AERONAUTICS

(e) A = 60°. 'T""
08 .12 .16 .20
Section 1ift coefficient, ¢,
[¢]

Figure 11.- Concluded.




c;o

' G T OME

;
£
g
8
]
g
2

(a) M, = \

-~

_____J_.____ NATIONAL ADVISORY
1.5. COMMITTEE FOR AERONAUTICS

.08 .12 .16
Section 1ift coefficient, cl

e/

.20

o]

Figure 12.- Ratio of 1ift to total drag; (—'—le = 0.05.

.28




b
t Fig. 12 cont. NACA TN No. 1228

|
A

0.008

Q

S

Section 1ift to total drag ratio, o
o

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(b) M, = 2. |
08 I s 20

Section lift coefficient, <
(<]

[EE SRICTTR e A

Figure 12,- Continued.




NACA TN No. 1226 ' Fig. 12 cone. ‘_,_7 -.

7
7

is
Cay *+ 0.0086

c

—

RN PO RPN

Section 1ift to total drag ratlo,

. NATIONAL ADVISORY
COHIITT"I FOR AEROMAUTICS

(@) M, = 8,

.08 .12 .16 .
Section lift coefficient, c"o

Figure 12.- Concluded.

I TR,
TR




cdo

c
Section lift to pressure drag ratio, o

NACA TN No. 1226

~

|

NATIONAL ADVISORY _j
(b) A = 15°, COMMITTEE FOR AERONAUTICS
4 ] |

[ N
08 .12 18 .20 .24 .28

Section 1ift coefficient, 4

Figure 13.- Ratio of lift to pressure drag; (%—) = 0.05.
[a]




NACA TN No. 1226

Fig. 13 cont.

10 v

N
/

C;o
cdo

i
g
:
g.
:
g
3

NATIONAL ADVISORY
(d) A = 45°. cfuunlr:: nlu ml"m'“

04

.08 A2 .18
Section lift coefficient, c,
[o]

Figure 13.- Continued.

.20

.24 .28




NACA TN No. 1226

[+ 4]

=]

-

N

NATIONAL ADVISORY |
(A= 80° CO‘HIITTIEE Fﬂ| morm‘ms
1 1 I

& |_s’°
i
4
g
4
]

P
3

.04 08 12 .16 .20 .24 .28
Section 1ift coefficient, ¢, o

Figure 13.- Concluded.




NACA TN No. 1226

10

c;o
ch

(a) M, = 1.5

.
1 1

—
(=]

S
s
o
&
by
[
-+
b
I;gl
0
L]
13
2
o
=1
g
]
(7]
w

| NATIONAL ADVISORY

() l\'/l_o_ Y ’ CTIHITIEE fT AEITIAUT;CS '

.08 .12 .18 .20 .24 .28
Section 1ift coefficient, ¢y °

Figure 14.- Ratlo of 1ift to pressure drag; () = 0.05.




Fig. 14 conc.

NACA TN No, 1228

10

€

Section 1ift to pressure drag ratio, -E;“—
o

NATIONAL ADVISORY

@) M, = 8. COMMITTEE FOR AERONAUTICS

R |1

.08 12 .18 .20 24 .28

Section 1ift coefficient, ¢,
o

Figure 14.- Concluded,




NACA TN No. 1228

o
Cd, + 0.006

<

g
i
Z
E
4
g

NATIONAL ADVISORY
()4 - 90. colnm'nlu roln anm?—,;
08 12 .20 .24 .28
Section lift cosfficlent, ¢ n

]

Figure 16,- Ratio of 1ift to total drag; (—:-:-) = 0.05,
[+]




NACA TN No. 1226

Cy

? ca, * 0.008

g
°
1
£
2
3
E
g
B
a

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTIC

(b) A = 15°

L
08 12

.16

.20

Sectlon lift coefficient, IR

Figure 15.- Continued.




NACA TN No. 1226

’ Tq, +0.008

2
#
£
K|
S
8
E
£
[+
%

NATIONAL ADVISORY
o~ COMMITTEE FOR AERONAUTICS |
(@4 =20% T

L i H
.08 A2 .16 .20 24 .28

Section lift coefficient, ly

Figure 15.- Continued.




NACA TN No. 1226

©
o
<
o
+
]
&
i
£
q
3
i)
-
8
=]
2
/7]

NATIONAL ADVISORY
. .—1— COMMITTEE FOR AERONAUTICS

(d)YA= 450,
] 1
.08 12 18 - .20 24
Section 1ift coefficient, c,\'o

Figure 15.- Continued,




NACA TN No. 1226

2]
'
[3]

e
8
<o
+
[+}
&
B
£
E
2
8
g
8

o

-

<

™

[ GG S S

. NATIONAL ABVISORY
(e) A = 60° COMMITTEE m[ummncs

. | | L |
08 .12 20 24 .28
Section lift coefficient. ¢

Figure 15.- Concluded.




NACA TN No. 1226

o]

c;o
Cag + 0.008

o

-9

Section lift to total drag ratio,

NATIONAL ADVISORY
(8) Vg = 15, | COMNTILE o ckoukoTcs
1 L L !

08 .12 .16 .20 .24 .28
Section lift coefficient, c,
o

Figure 16.- Lift to total drag ratio; (-ic-) = 0.05.
[«




NACA TN No. 1226

[+ ]

)
0.006

c‘

Section lift to total drag ratio, cdo e

(4]

[

w

N

NATIONAL ADVISORY |
COMMITTEE FOR AERONAUTICS

(b) My = 2.
§ e
.08 12 .16 .20 24
Section lift coefficient, <,
o

Figure 16,- Continued.




L®
Fig. 16 conc. NACA TN No. 1228

——

A —
(deg)
80

<
cdo + 0.008

£
Y.
3
2
:
¥
A

NATIONAL ADVISORY
~COMMITTEE FOR AERONAUTICS —

el [
08 . 16 2 24 .28

Section lift coefficient, cl
o

Figurs 16.- Concluded,







SHEET NO: R-2-6-34
ST

wiond o | TP %n- 20
Ivey, H. Reese [DIVISION: Aerodynamics-(2) F //

Bower, Edward N.|SECTION: Wings and Airfoils (6)

CROSS REFERENCES: Wing rodg
e T e
AMER. TIT

Pressure distributio:
+ Theoretical supersonic 1ift and drag characteristics of symmetrical wedge

o0
airfoil sections as affected by sweepback outside the Mach cone.
FORG'N. TIMLE:

99150): . TH-

PRIGINATING AGENCY: National Advisory Committee for Aercnautics, Washington, D. C.

ABSTRACT
Report extends work of Busemann using component theory and simplified method for

determining pressure distribution around thin, sharp-nosed airfoils at superaonic speeds
Results indicate that increasing sweepback at constant-stream Mach increases 1ift/
pressure drag and lift/total drag ratios, provided thickness ratio decreases, increases
slope of 1ift curve, and decreases minimm drag coefficient. Section lift coefficlent
for maximum 1ift/pressure drag and 1ift/total drag ratios decreases with increase in free
stream Mach.

' NOTE:s Requests for copies of this report must be addressed tos N.A.C.A.,

1 Washington, D. C. l

T-2, HQ, AIR MATERIEL COMMAND An Teamacat Ioex WRIGHT FIELD, OHIO. USAAF .




CRTWVWG TGO

o read (0 raan Tl
Ivey, H. Reaso |DIVISION: perodynamics (2). . . AGENCY MUK
.| Bowed, Edward N.|SECUONs Wings and Airfoils (8)
5 CROSS QEFERENCES: Uings - Aerodynamics (99150), TN-1226
Pressure distribution — Winga o vsod
s) (74500)

AMER, TTIE: Theoretical supersonic 1ift and drag characteristica of aymmetrical wedge-shsﬂ

airfoil sectione se affectsd by sweepback outside the Mach cone.
. FOReN. TMLe: |
* PRIGINATING AGENCY: National Advisory Committee for Aeronautica, Washington, D. C. '
ISLATION:

| [ COUNTRY lLAWEUAGE FORG'N.CLA U. S.CIASS. | DATE |PAGES| ILLUS. FEATURES | |
U.8. Bng. Unclass. 1! 60 tables, dia rapbs
ABSVRACY

Report extends work of Busemann uaing component.theory and eimplified method for
dstermining preasure diatribution eround thin, aharp-noeed airfoils at superaonic spee&
Rosults indicete that increasing sweapback at constant-atream Mach incresees 11ft/
preesure drag and 117t/ total drag ratios, provided thickness ratio decreasse, increaseg
elope of 1ift curve, and dacreasee minimm drag coefficient. Section lift coefficiont
for maximum 1ift/pressure drag and 1ift/total drag ratios dscreases with increass in f
etresm Mach.

NOTEs Requeats for copiea of this report must be addresasad tos ‘N.4.C.A.,

Uaahington, D. C.

1.2, KO, AR MATERIEL COMMAND (31 VecHical Unpex WRIGHT FIELD, OKO, usAArm} :".J
RO o






